In this paper we present an E-Learning solution, adapted for online generation of questions for students self study for the new Systems and Signals course. The Systems and Signals course was classically focused on Electrical Engineering but the Berkeley approach radically changed this view and produced a new course that spreads to different areas like Mechanical or Computer Science Engineering. We developed an original frameworkfor this new course that consists ofa set of more than 20 generic questions with more than 100 variations each. The students may freely use this framework for self study. For grading, the quizzes are sent to the student's personal area and the grading is immediate and automatic. Results, from other courses where this framework is being used for automatic grading, show that it actually helps the students tofollow the course along the semester rather than concentrating all the work onfinal exams.
mainly devoted to introductory levels but nowadays we may find e-leaming tools for almost all levels.
Systems and Signals classical approach was mainly related to analog mechanical or electrical hardware, which is more related to the origins of the discipline than to its contemporary reality [Lee 2000] . Lee and Varaiya, at Berkeley, introduced a new course on Systems and Signals with a radical different view.
For this new course, Lee and Varaiya developed a set of interactive demos, which is available on the Berkeley course web page. These demos are very useful for students self study. However, for such a new course there isn't yet any e-leaming tool adapted for online generation of questions, correction and students grading.
To fill this gap, we developed a set of robust and tested interactive questions to be introduced in the IST E-Learning System for online generation of midterms and quizzes with automatic correction and students grading.
Modern trends for teaching Systems and Signals
Many engineering schools still have introductory courses on Signals and Systems which are mainly related to analog electrical hardware which are more related to the origins of the discipline than to its contemporary reality [Lee 2000 The distribution of the questions subjects among the book chapters is presented in Table 2 .
Subjects and questions
As We start with simple and very intuitive question. This is a simple question that exploits the students' knowledge about machine states structure. Figure 1 shows one sample of a state machines question. It is interactively presented to the student for self learning.
The student may interactively answer to the question and check the answer. The questions are available at a web page letting the student make all the retries he wants during his self study. 
Output of an ARMA system
This is a more demanding question which exploits the computing of the output of a LTI system (figure 2)
The LTI system is given by its state equation with the Auto Regressive (AR) and Moving Average (MA) coefficients.
As the input is a pure complex exponential and this is a LTI system, the student will mainly need to evaluate the Frequency Response and multiply it by the input to obtain the output of this system.
The Frequency response will be obtained replacing x(n) by et and y(n) by H(w) e'w.
Solving the equation for H(w) the AR coefficients will stay on the numerator and the MA coefficients will go to the denominator.
All the e'wt terms will disappear and the student will get the frequency response.
Co'sider the following composite system: A lot of variations exist for this question. Like other questions, a lot of variations exist for this question: the systems may be continuous or discrete and there are a lot of topologies for the system composition. Figure 5 presents some implemented alternatives.
Identification of the Fourier series coefficients
This question exploits the ability of the student for finding the Fourier Series coefficients for a periodic signal.
The question consists on the plot of a signal and a set of rn plots for the Fourier Series coefficients. The student has to identify which plot of the coefficients matches the plot of the signal.
The main originality of this question is that it is almost useless for the student to know the formula for the calculus of each coefficient because the signals are au~~~~~~~~~~~~~~p lotted instead of giving an analytical expression for the signal.
The main goal is that the students actually understand the meaning of each coefficient. For Some questions involve some non trivial calculations. To help the students self learning several questions, we solved in detail some questions from the final exams, which, in turn, had a strong part based on the available interactive questions.
The set of solved exercises is being object of a supplement to the text book which is in preparation. Together with the text book supplement, a companion CD will allow the students the installation of the software with the interactive questions for self study. The set of question was left under test for students and the academic community. To have an idea of the impact on the students the page web counter registered more than 1300 access during the two months period from the end of December to the end of February. Taking into account that only access from different IP addresses where counted, and knowing that most internal accesses through DHCP present the same router IP address and hence are not counted, this number is just a lower bound of the effective number of accesses. In the students final report they state that this set of interactive questions as well as the solved exams exercises were of good help to achieve success in this course.
We opened a dedicated thread in the student's forum. The students intensively used this forum for testing the exercises, correct minor mistakes and bugs, and get some advice about the way of solving the exercises (there was a small prize for each bug detected).
The forum registered 151 posts in the period from end of December till the end of February. The posts were important to correct minor bugs. The set of questions is now tested and may be introduced on the IST E-learning platform.
Conclusions and further work
We presented a set of interactive and questions for self studying and automatic grading for students of a Systems and Signals course.
The set of questions covers all the chapters of the reference book [Lee 2003 ]. The initial number of questions is 22 but they are very general, much more than just numerical variations of the same problem. Nevertheless this was just the first year. This number will increase during next years to achieve a larger database.
The students showed a lot of interest on these interactive questions which can be monitored by the number of accesses to the page (more than 1300) and the number of posts on the forum (151). It is a good score considering that there are more or less 100 students and the questions were only made available by the end of the semester.
The forum was useful to correct minor bugs on the questions. The set of questions is now much more error free, robust and trustful to be introduced on the ELearning platform.
The goal is that next year the variations of the questions will be sent to the students' area along the semester.
The questions will be automatically corrected and the students will be immediately graded. The questions will be available for all the students at the same time for a short period to avoid cheating.
We expect that this procedure will make the students, instead of concentrating all the effort in the last weeks of the semester, to follow the course along the semester as it happened with the IST courses that are already using this platform.
